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Their Brains on Google: How Digital
Technologies are Altering the Millennial




I sat at a table at Barnes & Noble and tried to focus on the stack of
research in front of me. My eyes scanned the first line of the article, but my
mind wandered to my smartphone sitting next to the stack of articles. Its pull
was irresistible. Did I get a new work email? Better check. Did someone post
something new on Facebook? Better check. What about my personal email
account? Surely, I needed to check. I might be missing something if I did not
check. After a few clicks, I felt bloated by all the unnecessary information:
there was a new CLE class on advocacy; my friend Barb was in Paris, stand-
ing in front of the Eiffel Tower at that moment; and Gap was having a 25%-
off summer sale. I shook off my new "knowledge" and refocused on my
research. I re-read the first line of the article and continued reading for a few
minutes. I made it about halfway down the page when my phone dinged,
signaling a new text. Better check.
When I went back to my research, I just kept thinking about the pull I
felt when technology called. I wondered what this was doing to my ability to
read and think deeply. Was I becoming a scatterbrain? Could I only read in
short spurts? Could I effectively recall what I was reading and draw meaning
from the text? I mentioned this to several peers only to find they were also
guilty of this distracted way of reading. Whether it was checking their emails
or reading online and bouncing from hyperlink to hyperlink, all recounted
similar experiences when it came to their new reading and thinking habits.
We all concluded that reading and absorbing a longer article was becoming
increasingly more difficult.
If this was happening to me-a "Digital Immigrant", in scholarly terms
and a "book nerd" according to my brother-and my fellow Digital Immi-
grant law professors, what was happening to my Digital Native2 students,
* Associate Professor at Atlanta's John Marshall Law School. Special thanks are
given to Elizabeth Blair Weatherly for her assistance.
1. Beatriz Rivera & Maribel Huertas, Millennials: Challenges and Implications to
Higher Education, NYU FAc. RES. NETWORK, (Nov. 17-18, 2006), http://
www.nyu.edu/frn/publications/millennial.student/Challenges%20and%201m-
plications.html ("The Digital Immigrants are all of us who were born when the
computer was not yet personal, the cell phone did not exist, and the best infor-
mation highway was a well-equipped library.").
2. Id. Digital Natives are so called "because they are native speakers of technol-
ogy, fluent in the digital language of computers, video games and the Internet."
Id.
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who were raised using technology and never knew a world where informa-
tion was not accessible twenty-four hours a day?
So, I did an experiment. I gave my negotiations class a lengthy article to
read that addressed their questions from class the day before. I told them that
I knew if I just handed the article out for them to read outside of class, they
would not read it. I gave them ten minutes of class time to peruse the article.
As I observed the class, not a single student was able to read for ten consecu-
tive minutes. They all seemed to read a line or two and then stop to check
their computers or phones. Then, when I started asking questions about the
text, their responses were disjointed and incomplete. They could give me
sound bites but did not really know or understand the answer. Several of
them even admitted that they Googled the question instead of reading the
article-again, only to produce answers that did not show they understood
the material.
It was then that I thought to shift my research and write about the influ-
ence of the Internet over our brains-particularly over the brains of current
law students and how this influence is impacting legal education. As such,
this article will provide a simplified version of "Brain Anatomy 101" and
offer a rudimentary explanation of how the cells within the brain work. This
article will explore neuroscience's current position-that the brain is
plastic-and the breadth of what that means, explaining how the neural cir-
cuitry in our brains physically changes in response to our experiences.
The article will then discuss how experiences with digital technologies
are physically altering our brains. It will then show that this alteration partic-
ularly impacts the Millennial generation,3 who make up the majority of our
current law students. As a result of this physical alteration of our students'
brains, current law students are struggling with reading comprehension, con-
centration, and contemplation, all of which are key lawyering skills. Finally,
the article will conclude that we can counteract these changes by balancing
our technology time, using our brain in non-technological ways, and teaching
reading comprehension skills.
II. How THE BRAIN WORKS
The human brain is a complex organ. 4 It weighs about three pounds.5
The brain consists of three primary vesicles: the hindbrain, the midbrain, and
3. Id. "Millennials" describes the latest generation of people born between 1981
and the present, who are also known as Digital Natives. Id.
4. See generally Brain Basics: Know Your Brain, NAT'L INST. OF NEUROLOGICAL
DISORDERS & STROKE, http://www.ninds.nih.gov/disorders/brain basics/know_
your brain.htm (last updated Mar. 20, 2013). This article is not intended to be
an in-depth discussion of the workings of the brain. Instead, it is meant to
provide the reader with an overview.
5. GARY SMALL & GIGI VORGAN, IBRAIN: SURVIVING THE TECHNOLOGICAL AL-
TERATION OF THE MODERN MIND 5 (1st ed. 2008).
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the forebrain.6 The hindbrain is made up of the cerebellum, the brain stem,
and the upper part of the spinal cord.7 The hindbrain controls the body's vital
functions and coordinates movement.8 The midbrain is the upper most part of
the brain stem. 9 It controls some reflex actions and is part of the circuit in-
volved in eye movements and other voluntary movements.' 0 Finally, the fore-
brain is made up of the cerebrum, which is split into two hemispheres, and
the structures beneath it." The cerebrum is the source of intellectual activ-
ity.12 The surfaces of the cerebrum and the cerebellum are coated with a layer
of tissue called the cortex, where information processing takes place.13
Many different types of cells compose each of these brain parts.14 The
main cell, most integral to brain functioning, is called a neuron.15 "All sensa-
tions, movements, thoughts, memories and feelings are the result of signals
that pass through neurons."16 Each neuron is made up of a cell body, den-
drites, and an axon.' 7 (See diagram below.)
Diagram 1: Anatomy of a neuron






12. How The Brain Works, JOHN HOPKINS COMPREHENSIVE BRAIN TUMOR
CENTER, http://www.hopkinsmedicine.org/neurology-neurosurgery/specialty
areas/brain tumor/about-brain-tumors/how-the-brain-works.html (last visited
May 30, 2013, 12:25 PM) (The cerebrum controls "reading, thinking, learning,
speech, emotions and planned muscle movements like walking. It also controls
vision, hearing and other senses.").
13. Brain Basics: Know Your Brain, supra note 4.
14. Id.
15. Id.
16. Id.; see also JOSEPH E. LEDoux, SYNAPTIC SELF: How OUR BRAINS BECOME
WHO WE ARE 2 (2002).
17. LEDoux, supra note 16, at 40.
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The cell body manufactures the molecules that the neuron needs to sur-
vive.18 The dendrites extend from the cell body and receive messages from
other nerve cells.19 The nerve signals then pass from the dendrites to the cell
body and then possibly to an axon.20 The axon is like a messenger that sends
nerve signals to other neurons, muscle cells, or other cells through
synapses. 21 A synapse is the place where a nerve signal passes from the neu-
ron to another cell.22
When the nerve signal reaches the end of the axon, it stimulates the
release of a tiny sac.2 3 The sac releases chemicals called neurotransmitters
into the synapse.24 The neurotransmitters cross the synapse and attach to the
receptors of the next cell.25 "The receptors can change the properties of the
receiving cell."26 If the receiving cell is a neuron, the signal can continue
on.2 7 "It [i]s through the flow of neurotransmitters across synapses that neu-
rons communicate with one another, directing the transmission of electrical
signals along complex cellular pathways."28 "The average neuron makes
about a thousand synaptic connections . . . ."29 These synaptic connections tie
our neurons together in a "dense mesh of circuits."30 The electrochemical
interactions taking place in this dense mesh of circuits give rise to our
thoughts, memories, and emotions.3'
18. Id.
19. ELAINE N. MARIEB & KATJA HOEHN, HUMAN ANATOMY & PHYSIOLOGY 390
(Benjamin Cummings ed., 8th ed. 2009).
20. Id. The axon is the conducting region of the neuron. It transmits nerve impulses
away from the cell body. Id. at 391.
21. Id.
22. Id. at 406.
23. Id. at 391.
24. Id. Neurotransmitters are the language of the nervous system. They are the
means by which each neuron communicates with others to process and send
messages to the rest of the body. Id. at 413.
25. See generally MARIEB & HOEHN, supra note 19, at 413-14.
26. Id.
27. Id. at 413.
28. NICHOLAS CARR, THE SHALLOWS: WHAT THE INTERNET Is DOING TO OUR
BRAINS 20 (1st ed. 2010).
29. Id.
30. Id.; see also SMALL & VORGAN, supra note 5 ("In the average brain, the num-
ber of synaptic connection sites has been estimated at 1,000,000,000,000,000,
or a million times a billion.").
31. See CARR, supra note 28.
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For hundreds of years, scientists and doctors thought the human brain
did not change during adulthood.32 They theorized that our neurons con-
nected as we developed in childhood,33 and then our neurons and their cir-
cuits became fixed as we reached maturity.34 The only change believed to
occur in our brains during adulthood "was a slow process of decay as the
body aged."35 However, even in the late 19th century, there were some re-
searchers who theorized that the human brain was "plastic."36 These re-
searchers believed that neural circuits formed throughout life and old ones
could grow stronger, weaker, or die out.37 Despite some then-existing evi-
dence of plasticity, however, the majority of doctors, scientists, and psychia-
trists maintained the adult human brain was "fixed" and incapable of
changing.38 They regarded the brain as a hard-wired machine, asserting that
neural paths once laid could not be widened, narrowed, or rerouted.39 This
position remained the scientific standard until the 1970s and 1980s.40
Since the 1980s, brain science has continued to develop and has created
more substantial evidence that the brain is indeed "plastic" and capable of
32. Id. at 20-21.
33. See NAT'L RESEARCH COUNCIL, How PEOPLE LEARN, BRAIN, MIND, ExPERI-
ENCE AND SCHOOL: EXPANDED EDITION 116 (John D. Bransford et al. eds., 2d
ed. 2000). At birth, the human brain only has a small portion of the synapse
connections that it will eventually have. Id.
34. CARR, supra note 28; see also SHARON BEGLEY, TRAIN YOUR MIND, CHANGE
YOUR BRAIN 31 (Ballentine Books 2007) (arguing that scientists once believed
that the brain establishes most of its fundamental system connections like the
visual cortex, the auditory cortex and somatosensory cortex in the first years of
life).
35. CARR, supra note 28, at 21.
36. Id.; see also BEGLEY, supra note 34, at 5 (noting that Sigmund Freud and Wil-
liam James, the father of experimental psychology, were early believers in the
brain's plasticity. In 1890, James hinted at it when he said that the nervous
tissue seemed endowed with plasticity, meaning "a structure weak enough to
yield to an influence."); J.Z. YOUNG, DOUBT AND CERTAINTY IN SCIENCE: A
BIOLOGIST's REFLECTION ON THE BRAIN 36 (Oxford Univ. Press 1951) (noting
that British biologist J.Z. Young was another early researcher who thought the
brain was plastic).
37. CARR, supra note 28, at 21; see also YOUNG, supra note 36 ("There is evidence
that the cells of our brains literally develop and grow bigger with use, and
atrophy or waste away with disuse.").
38. BEGLEY, supra note 34, at 31. "So convinced were neuroscientists that the adult
brain is essentially fixed that they largely ignored the handful of studies sug-
gesting that the brain is actually malleable and shaped by experience." Id. at 5.
39. CARR, supra note 28, at 22.
40. JEFFREY M. SCHWARTZ & SHARON BEGLEY, THE MIND AND THE BRAIN:
NEUROPLASTICITY AND THE POWER OF MENTAL FORCE 130 (1st ed. 2003).
2013] 413
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change.41 This plasticity refers to changes in neural pathways and synapses,
which are a result of changes in behavior, environment, neural processes, and
bodily injury.42 Specifically, when we perform a task or experience a sensa-
tion, neurons in our brain are activated.43 If the neurons are close together,
they join together through the synaptic neurotransmitters.44 If we repeat the
task or experience, the synaptic link between neurons grows stronger.45 The
repeated experience can be either physical or mental.46 This phenomenon
supports the phrase used by Canadian psychologist Donald Hebb: "Cells that
fire together wire together."47
Neuroscientists48 T. Graham Brown and Charles Sherrington did an ex-
periment with monkeys proving that repeated behaviors change neural pat-
terns. 49 They investigated why the brain map50 of one monkey differed from
41. CARR, supra note 28, at 26; Sharon Begley, The Brain: How the Brain Rewires
Itself, TIME (Jan. 19, 2007), www.time.com/time/magazine/article/0,9171,
1580438,00.html ("[T]he adult brain retains impressive powers of 'neuroplas-
ticity'-the ability to change its structure and function in response to experi-
ence."). See generally Alvaro Pascual-Leone et al., The Plastic Human Brain
Cortex, 28 ANN. REV. NEUROSCIENCE 377, 377-401 (2005).
42. See CARR, supra note 28, at 26.
43. Id. at 27.
44. Id.
45. Id.
46. See Alvaro Pascual-Leone et al., Modulation of Muscle Responses Evoked by
Transcranial Magnetic Stimulation During the Acquisition of New Fine Motor
Skills, 74 J. NEUROPHYSIOLOGY 1037, 1037-45 (1995). Pascual-Leone's piano
experiment where he found people who actually played the piano keys versus
who just thought about playing the piano keys experienced the same physical
changes to their brain. Id.
47. LEDoux, supra note 16, at 79; see also SMALL & VORGAN, supra note 5, at
8-9 (asserting that in explaining how the brain develops and determining what
the brain is capable of, we should not rely totally on the structure of the neural
patterns. While genetics play a role, genes are not totally responsible for the
development. "The relatively modest number of human genes-estimated at
twenty thousand-is tiny compared with the billions of synapses that eventually
develop in our brains. Thus, the amount of information in an individual's ge-
netic code would be insufficient to map out the billions of complex neural
connections in the brain without additional environmental input.").
48. NAT'L RESEARCH COUNCIL, supra note 33, at 115 ("Neuroscientists study the
anatomy, physiology, chemistry, and molecular biology of the nervous
system.").
49. See generally BEGLEY, supra note 34, at 28.
50. See Laura Stephens Khoshbin & Shahram Khoshbin, Imaging the Mind, Mind-
ing the Image: A Historical Introduction to Brain Imagining and the Law, 33
AM. J.L. & MED. 171, 177 (2007). Brain mapping is the result of using com-
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the brain map of another.51 During their experiment, they learned that the
repeated, habitual movements of the monkeys changed the neurons in the
monkeys' motor cortexes.52 If the monkey habitually held fruit with its
thumb and pinkie, the clusters of neurons in the motor cortex that moved
those two fingers would lie together because those fingers were repeatedly,
regularly flexed together.53 Alternately, the other monkey, who held the fruit
with its thumb and forefinger, had a brain map where the neurons that control
thumb and forefinger movement were closer together.54 Thus, the monkeys'
brain maps were different because the repeated behaviors strengthened neural
patterns and altered the structure of their brains.55
There is evidence that neural links can also weaken or dissolve if they
are not called upon. 56 For example, Biologist Eric Kandel performed an ex-
periment with sea slugs that showed existing synaptic connections can
weaken as new behaviors are learned.57 In a sea slug's gills, 90% of the
sensory neurons are connected to motor neurons. 58 Kandel lightly touched
the sea slug's gill and it recoiled.59 He then repeatedly touched the sea slug's
gill and observed that the recoil reflex steadily diminished.60 Kandel noted
that after forty touches, the sea slug became habituated to the touch and the
gill was no longer withdrawn.61 As a result of this habituation, only 10% of
the sensory neurons remained connected to motor neurons.62 Kandel analo-
gized the sea slugs to humans and concluded that the strength of our connec-
puters and mathematical algorithms to evaluate electrical activity of the brain.
Id.




54. Id. at 28-29 ("[D]ancers who repeatedly practice particular foot extensions
should have larger clusters of neurons responsible for moving the foot muscles
than people who do little more than place one foot ploddingly in front of the
other").
55. Id. at 29-30.
56. CARR, supra note 28, at 27. "Synapses can undergo large and enduring changes
in strength after only a relatively small amount of training." Id. (quoting ERIC
R. KANDEL, IN SEARCH OF MEMORY: THE EMERGENCE OF A NEW SCIENCE OF
MIND 198-207 (2006)).
57. ERIC R. KANDEL, IN SEARCH OF MEMORY: THE EMERGENCE OF A NEW SCIENCE
OF MIND 201 (2006).
58. CARR, supra note 28, at 28.
59. KANDEL, supra note 57, at 200-01.
60. Id.
61. CARR, supra note 28, at 28.
62. Id.
2013] 415
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tions can change based upon experiences.63 Furthermore, the actions people
take can shrink different regions of their brain because the brain devotes
more cortical real estate to functions which are used more frequently, and the
brain will allow the more frequently used areas to occupy areas that are used
less frequently.64 For example, a violinist's brain will devote more cortical
real estate to the space in the brain that controls the digits of the fingering
hand than will the brain of a person who does not play the violin.65
Even parts of the brain that are associated with a particular function are
plastic.66 For example, when someone goes blind the part of the brain respon-
sible for processing visual stimuli does not "go dark" but is instead taken
over by circuits used for audio processing.67 The brain's real estate that was
occupied by the weakened or dissolved link is taken up by the new repetitive
experience.68
In addition to repeated experiences, your attention impacts neuroplastic-
ity.69 It is attention that "pumps up neuronal activity."70 It is as if attention
works like a gate and regulates the input of neural information.71 Mike
Merzenich, a neuroscientist and pioneer of neuroplasticity, conducted an ex-
periment on monkeys where he placed a tapping device on their fingers and
played sounds through headsets.72 One set of monkeys was taught to pay
attention to the tapping and ignore the sound while the other set was taught
the opposite.73 The brain scans revealed that the neurons in the part of the
brain responsible for the fingers did not change in the monkeys who paid
attention to the sound, and the brains of the monkeys who paid attention to
63. KANDEL, supra note 57, at 201.
64. BEGLEY, supra note 34, at 8.
65. Id.
66. Id.
67. See CARR, supra note 28, at 29. The same has been seen in folks who lose their
hearing. Id.
68. BEGLEY, supra note 34, at 42-44. Mortimer Mishkin and Tim Pons, neuros-
cientist at the National Institute of Mental Health, showed that the brain of a
Silver Spring monkey, whose arm had been deprived of sensory input due to a
severed nerve twelve years ago, had been rewired. Specifically, their experi-
ment showed that the face zone of the somatosensory cortex in the monkey had
taken over the hand/arm zone that had been severed. The "hand" region of the
monkey's brain had been invaded by neurons from the face area, and the terri-
tory the brain zoned for receiving feelings from the face had grown ten to
fourteen millimeters.
69. Id. at 156-60.
70. Id. at 158.
71. Id. at 160.
72. Id. at 158-59.
73. BEGLEY, supra note 34, at 158.
416 [Vol. XVI
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the tapping showed that the cortical area devoted to fingers increased two to
threefold.74 This shows that "the pattern of activity of neurons in sensory
areas can be altered by patterns of attention."75 So, experience and attention
are needed to make physical changes in the structure of the brain.
Once a change in the brain has occurred, the new neural connection
holds onto the change.76 In fact, "we long to keep it activated."77 However,
that does not mean we cannot once again redirect our neural paths and re-
build skills we have lost.78
Neuroplasticity is constantly occurring.79 This constant neural flux is the
normal, default state of the brain.8o "[OJur brains are constantly changing in
response to our experiences and our behavior, reworking their circuitry with
'each sensory input, motor act, association, reward signal, action plan, or
[shift of] awareness.' "81 Dr. Gary Small, Director of the Memory and Aging
Research Centre at the University of California, Los Angeles, agrees that the
stimulation to which we expose our brains is critical to how our brains
work.82 So, our brains are plastic and constantly breaking old connections
and forming new ones in response to our experiences, which helps to show
that the adult brain "retains much of the plasticity of the developing brain."83
"Like sand on a beach, the brain bears the footprints of the decisions we have
made, the skills we have learned, [and] the actions we have taken."84
III. HOW THE INTERNET Is ALTERING OUR BRAINS
The brain is very sensitive to any kind of stimulation.85 "Through what
we do and how we do it . .. we alter the chemical flows in our synapses and
change our brains . . . . Any repeated experiences influence our
synapses . . . ."86 Technologies, specifically the Internet, provide users re-
74. Id. at 159.
75. Id.
76. CARR, supra note 28, at 34.
77. Id. (quoting NORMAN DOIDGE, THE BRAIN THAT CHANGES ITSELF 108 (2007)).
78. Id. at 35.
79. Mark Hallett, Neuroplasticity and Rehabilitation, 42 J. REHABILITATION RES.
& DEV. CENTER, July 2005, at xvii, xxviii.
80. CARR, supra note 28, at 31.
81. Id. (quoting Pascual-Leone, supra note 41).
82. SMALL & VORGAN, supra note 5, at 9.
83. BEGLEY, supra note 34, at 8.
84. Begley, supra note 41.
85. John Harris, How the Internet is Altering Your Mind, GUARDIAN (Aug. 19,
2010), http://www.guardian.co.uk/technology/2010/aug/20/internet-altering-
your-mind.
86. CARR, supra note 28, at 49.
4172013]
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peatable experiences that are virtually impossible to resist.87 We are drawn to
them and pay attention to them.88 In fact, "[i]f, knowing what we know today
about the brain's plasticity, you were to set out to invent a medium that
would rewire our mental circuits as quickly and thoroughly as possible, you
would probably end up designing something that looks and works a lot like
the [I]nternet."89 As Nora Volkow, Director of the National Institute of Drug
Abuse and one of the world's leading brain scientists has said, "Technology
is rewiring our brains."90 Moreover, the rewiring is occurring at an "unprece-
dented pace."91
Dr. Small conducted an experiment to understand the Internet's effects
on the brain.92 In his experiment, he compared MRI imagery of the brains of
both experienced and newcomer web users while using Google.93 Initial MRI
scans of the two user groups showed two different types of brain images for
the experienced users and newcomers. 94 The experienced users showed activ-
ity in the dorsolateral prefrontal cortex while the newcomers showed hardly
any activity in that area of the brain.95 Both sets of users were then asked to
use the Internet, specifically Google, for an hour each day for the next five
days to complete a specific task.96 Their brains were then scanned again, and
the results showed that the mental activity in both users had become virtually
identical.97 So, after only five days of an hour-a-day use of Google, the new-
comers' brain images were "rewired" to look like the brain images of the
experienced users.98 In other words, online activities caused measurable and
rapid alteration to the brain's neural circuitry.
87. Harris, supra note 85. "The [I]nternet lures us. Our brains become addicted to
it." Id.
88. Id.
89. Id. (quoting CARR, supra note 28).
90. Matt Richtel, Attached to Technology and Paying a Price, N.Y. TIMES, June 7,
2010, at Al, available at http://www.nytimes.com/2010/06/07/technology/
07brain.html.
91. SMALL & VORGAN, supra note 5, at 12.
92. Harris, supra note 85; see also SMALL & VORGAN, supra note 5.
93. Id.; see also Gary W. Small, M.D., Teena D. Moody, Ph.D., Prabha Siddarth,
Ph.D. & Susan Y. Bookheimer, Ph.D., Your Brain on Google: Patterns of Cer-
ebral Activation During Internet Searching, 17 AM. J. GERIATR. PSYCHIATRY
116, 117-18 (2009) (more information regarding Dr. Small's full experiment).




98. Id.; see also SMALL & VORGAN, supra note 5, at 14-17 (providing an in-depth
discussion of the experiment).
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The Internet is able to rewire our brains because it delivers a steady
stream of inputs to our visual, somatosensory, and auditory cortices. 99 The
Internet simultaneously engages all of our senses, except for taste and
smell.oo The constant sensory and cognitive stimuli of the Internet alter the
brain circuits, especially of Millenials, because it is repetitive, intense, inter-
active, and addictive.1oI As discussed above, there are physiological effects
of repetition on neurons and synapses.102 The constant use of technologies
such as smartphones, computers, search engines, and the like "stimulate brain
cell alteration and neurotransmitter release, gradually strengthening new neu-
ral pathways in our brains while weakening old ones."10
Many neuroscientists believe that the constant exposure to high levels of
technology is altering the neural connections and stunting frontal lobe devel-
opment in younger generations.104 The frontal lobe is the higher order reason-
ing center of the brain, where working memory is located.105 For example,
studies show that excessive computer gaming leads to suppressed functions
in the frontal lobes in favor of stimulating lower order brain centers control-
ling movement and vision.106 Additionally, it shows a decrease in working
memory. 0 7
The research of John Sweller, an educational psychologist who studies
how the mind processes information, shows that the Internet impacts our
ability to think deeply.108 Specifically, it has been found that the Internet
99. CARR, supra note 28, at 116.
100. Id.
101. Id.
102. Id. at 184-86.
103. Id. at 120 (quoting SMALL & VORGAN, supra note 5).
104. Carol Affleck, Today's Youth: The Rewired Generation, BIZCOMMUNITY.COM
(June I1, 2013, 9:14 AM), http://www.bizcommunity.com/Article/196/371/
94748.html; see also Sandra Bond Chapman, Ph.D., Is Your Brain Being Wired
By Technology, CENTER FOR BRAINHEALTH (Oct. 8, 2012), http://www.
brainhealth.utdallas.edu/blog/is-your-brain-being-wired-by-technology (stating
that technology can impair the normal function of the frontal lobe).
105. Chapman, supra note 104.
106. Affleck, supra note 104 (citing Mickey Dodson, Video Games & Brain
Development, EHow, http://ehow.com/about 6324252_videor-gamesbrain_
develpement.htm#ixzz2RTVrsqqQ (last visited Nov. 4, 2013)).
107. Phoebe Del Boccio, ReWired - The Next Generation: How Electronic Media
Causes Changes in the Brain and Social Skills of Technology Users, NJIT
(May 10, 2009), available at http://web.njit.edu/-pjd7/rewiredtechnologyand
thebraintermpaper.pdf.
108. CARR, supra note 28, at 123 (citing JOHN SWELLER, INSTRUCTIONAL DESIGN IN
TECHNICAL AREAS 4 (1999)).
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impacts the neural connections involved in memory.109 Our brains have
short-term, or working, memory and long-term memory. 10 Long-term mem-
ory is the seat of understanding because it uses facts and bits of information
to form patterns of knowledge, or schemas; it does not simply store facts.",
These patterns of knowledge, or schemas, which we acquire over time, are
what give rise to our intellectual prowess.112 As such, our brains need to
transfer information from working memory to long-term memory in order to
weave our thoughts into complex ideas."t3 "The depth of our intelligence
hinges on our ability to transfer information from working memory to long-
term memory and weave it into conceptual schemas."114 However, the pas-
sageway from working memory to long-term memory is not always easy.1 5
Unlike the long-term memory portion of our brain, where there is almost
unlimited capacity, our working memory can hold only a small amount of
information at a time.116 So, transferring information from working to long-
term memory is like "filling a bathtub with a thimble.""1 Further, a break in
attention can sweep information from our short-term memory."18 The infor-
mation flowing into our working memory is called cognitive load. When
cognitive load exceeds the brains ability to process and store it, we cannot
retain the information or draw connections with other memories.19 The In-
ternet causes cognitive overload because it is providing information through
too many "faucets," and our "thimble" is overflowing as we rush from "fau-
109. Id. at 124.
110. Id. at 123.
111. Id. at 124.
112. Id.
113. Nicholas Carr, The Web Shatters Focus, Rewires Brains (May 24, 2010), http://
www.wired.com/magazine/2010/05/ff-nicholas-carr/all/1.
114. CARR, supra note 28, at 124.
115. Deborah J. Merritt, Legal Education in the Age of Cognitive Science and Ad-
vanced Classroom Technology, 14 BU J. Sci. & TECH. L. 39, 45 (2007), avail-
able at http://www.bu.edu/law/central/jd/organizations/journals/scitech/
volumel41/documents/Merritt.pdf [hereinafter Merritt (2007)] (asserting that
working memory generally holds only seven to nine pieces of information); see
also George A. Miller, The Magical Number Seven, Plus or Minus Two: Some
Limits on Our Capacity for Processing Information, 63 PSYCHOL. REV. 81
(1956) (Sweller argues the number is closer to two to four pieces of
information).
116. Merritt (2007), supra note 115, at 45.
117. CARR, supra note 28, at 124.
118. Merritt (2007), supra note 115.
119. Id. The information flowing into our working memory is called cognitive load.
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cet" to "faucet."120 We are not able to transfer all the information to our long-
term memory, and the information that is transferred becomes jumbled121
This overflow of information prevents our brains from forming strong neural
connections that give depth to our thinking when we are distracted.122
Moreover, when we surf the Internet and expose our brains to the stim-
uli it provides, we evaluate links and make navigational choices, tasks which
require decision making.123 This process of pausing to evaluate whether to
move to the next link alters neural connections and distracts the brain from
the work of interpreting text.124 Our mental resources move from reading
words to making judgments, which impedes comprehension and retention.125
Scholars from the University College London suggest we "are in the
midst of a sea of change in the way we read and think."26 The exposure to
digital technologies makes us read in a "skimming" way that can be charac-
terized as "power browsing."27 This different way of reading leads to a dif-
ferent kind of thinking.128 Maryanne Wolf argues this new form of reading
puts efficiency and immediacy above all else, and we are weakening our
ability to read deeply, which in turn weakens our ability to interpret text and
120. Chapman, supra note 104 ("This information overload leads to more multitask-
ing and forces us to push our brain to do things it was not built to do.").
121. Nicholas Carr, Does the Internet Make you Dumber?, WALL ST. J. (June 5,
2010), http://online.wsj.com/article/SB10001424052748704025304575284981
644790098.html [hereinafter Carr (2010)].
122. Id.
123. CARR, supra note 28, at 122.
124. Id.
125. Compare STEVEN JOHNSON, EVERYTHING BAD IS GOOD FOR You: How To-
DAY'S POPULAR CULTURE IS ACTUALLY MAKING Us SMARTER 19 (2005) (This
Internet stimuli is more intense than the stimuli your brain receives when it
reads. Some argue that this stimulation is good for the brain.), with CARR,
supra note 28, at 122 (conversely arguing that the firing of more neurons is not
necessarily better when it comes to the brain and deep thinking).
126. Nicholas Carr, Is Google Making Us Stupid? What the Internet is Doing to our
Brains, ATLANTIC (July 1, 2008, 12:00 PM), http://www.theatlantic.com/maga-
zine/archive/2008/07/is-google-making-us-stupid/306868/ [hereinafter Carr
(2008)]. This is not unusual because our past shows that there have been
changes with other tools of progress. Prior to 15th century, intelligence was
based on memory. Then the written word and books came along, making the
work of remembering less critical. Id.
127. Id.
128. MARYANNE WOLF, PROUST AND THE SQUID: THE STORY AND SCIENCE OF THE
READING BRAIN 5 (2008); Carr (2008), supra note 126 (asserting that deep
reading is indistinguishable from deep thinking).
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make rich mental connections.129 Nicholas Carr agrees, "[W]hen we go on-
line, we enter an environment that promotes cursory reading, hurried and
distracted thinking and superficial leaming."30
In a Science Magazine article, developmental psychologist Patricia
Greenfield reported that media technologies influence our cognitive abili-
ties.131 We have "new weaknesses in higher-order cognitive processes, in-
cluding abstract vocabulary, mindfulness, reflection, inductive problem
solving, critical thinking, and imagination."132 At Stanford University's Com-
munication Between Humans and Interactive Media Lab, researchers per-
formed an experiment that showed exposure to digital media impacts
cognition.133 In the experiment, researchers gave a cognitive test to forty-nine
people who did a lot of media multitasking and fifty-two people who did
not.134 The heavy multitaskers all performed worse on the cognitive test,
showing less control over working memory and less ability to concentrate.135
This new neural pattern, caused by the extensive exposure to technologies, is
causing fragmented attention.136
129. Carr (2008), supra note 126. Wolf also argues that reading is not instinctive for
humans?that it is a learned behavior. So, this new media is teaching our brain
differently. As evidence, she showed that the mental circuitry of those that read
Chinese are different than the mental circuitry of those that use an alphabet.
Thus, arguably the mental circuitry of those that read online is different than
those that read print.
130. Patricia M. Greenfield, Technology and Informal Education: What Is Taught,
What Is Learned, 322 SCIENCE 69 (2009); CARR, supra note 28, at 115-16. Of
interest, Larry Page, one of Google's founders, has said that Google is "really
trying to build artificial intelligence and to do it on a large scale." Carr (2008),
supra note 126. This suggest that "intelligence is the output of a mechanical
process, a series of discrete steps that can be isolated, measured, and opti-
mized." Id. Meaning, concentration and contemplation are not needed and are
only slowing down. See id. Moreover, from an advertising and financial per-
spective, the more we move from link to link, the better for Google and its
advertisers. Id. So, "[t]he last thing these companies want is to encourage lei-
surely reading or slow, concentrated thought." Id.
131. See Carr (2010), supra note 121.
132. Id. (internal quotations omitted).
133. Id.
134. Id.
135. Adam Gorlick, Media Multitaskers Pay Mental Price, Stanford Study Shows,
STANFORD REP., (Aug. 24, 2009), http://news.stanford.edu/news/2009/au-
gust24/multitask-research-study-082409.html.
136. Affleck, supra note 104.
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Additionally, when the brain is constantly stimulated, the learning pro-
cess is prevented.137 In other words, when you keep your brain stimulated
with digital technologies, you are foregoing the "downtime" that is needed to
help your brain learn and retain information better.138 The imaging studies of
human brains show that the major cross sections of the brain are active dur-
ing downtime, suggesting rest periods are critical in allowing the brain to
synthesize information and make connections.139 According to Loren Frank,
assistant professor at the University of California, San Francisco, downtime
allows the brain to solidify experiences and turn them into persistent
memories.140
This constant stimulation causes the users to place their brains in a
heightened state of stress, which also leads to less time for reflection, con-
templation, and decision making.141 Overstimulation gives rise to "cursory
reading, hurried and distracted thinking, and superficial learning."42 The
neural circuits involved in human interaction and communication also be-
come weakened.143 Others also argue the "use of the [I]nternet, cellphones
and other digital technologies can cause us to become more impatient, impul-
sive, forgetful and even more narcissistic."'44 One writer argues that "tweet
by tweet" we are unlearning complexity, acuity, patience, wisdom, and inti-
137. Matt Richtel, Your Brain On Computers - Digital Devices Deprive Brain of
Needed Downtime, N.Y. TIMES, Aug. 25, 2010, at Bl, available at http://www.
nytimes.com/2010/08/25/technology/25brain.html [hereinafter Richtel (Aug.
2010)].
138. Id. Scientist at University of California, San Francisco, performed an experi-
ment with rats to establish that downtime is necessary for the brain to create
persistent memory. They exposed rats to a new experience?they let them ex-
plore an unfamiliar area. When the rats explored the new areas, the rats' brains
showed new patterns of activity. However, the new patterns of activity only
became a persistent memory when the rats took a break from the exploration.
Id.
139. Matt Richtel, Growing Up Digital, Wired for Distraction, N.Y. TIMES, Nov. 21,
2010, at Al, available at http://www.nytimes.com/2010/11/21/technology/
21brain.html [hereinafter Richtel (Nov. 2010)].
140. Richtel (Aug. 2010), supra note 137; Richtel (Nov. 2010), supra note 139 (Dr.
Rich of Harvard Medical School says, "Downtime is to the brain what sleep is
to the body.").
141. SMALL & VORGAN, supra note 5, at 18.
142. Harris, supra note 85 (quoting CARR, supra note 28).
143. SMALL & VORGAN, supra note 5, at 21.
144. Tara Parker-Pope, An Ugly Toll of Technology: Impatience and Forgetfulness,
N.Y. TIMEs, June 6, 2010, at A13, available at http://www.nytimes.com/2010/
06/07/technology/07brainside.html.
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macy.145 Even more alarming is digital media's influence over the brain con-
tinues even after we are not using the technology.146
Some folks argue that the influence of digital technologies does provide
some benefits.147 One obvious benefit is the unprecedented amount of infor-
mation that is now readily accessible online. Research that once took us days
in the periodical rooms of a library now can be done in minutes.148 Adam
Gazzaley, Professor of Neurology and Director of Neuroscience Imaging
Center at the University of California, San Francisco, states "mobile technol-
ogy can be harnessed to improve our minds."l49 However, he admits the cog-
nitive science field is still in its infancy.150 Others argue that certain video
games can create children with better reasoning skills.15, Dr. Small also ad-
mits that the use of digital technologies can sharpen some cognitive abilities
like learning to react quicker to visual stimuli.152 Others even argue that a
new form of intelligence is coming and that those with "Internet brain" will
be the only ones who can compete with this new intelligence.15 3
The debate over new mediums is not new.154 Throughout history, when-
ever a new medium is introduced, it has become the subject of much de-
bate.155 For example, when people first started using the written word, some
145. Is Twitter Making Us Stupid?, LEGAL SKILLS PROF BLOG (May 24, 2011),
http://lawprofessors.typepad.com/legal_skills/2011/05/is-twitter-making-us-
stupid.html.
146. Carr (2010), supra note 121.
147. Carr (2008), supra note 126.
148. Id.
149. Adam Gazzaley, How Mobile Tech Can Influence Our Brain, CNN.coM, http:/
www.cnn.com/2012/09/23/opinion/gazzaley-mobile-brain (last updated Sept.
23, 2012).
150. Id.
151. Samuel Greengard, Are We Losing Our Ability to Think Critically?, 25 COMM.
OF ACM at 18-19, available at http://cacm.acm.org/magazines/2009/7/32082-
are-we-losing-our-abilty-to-think-critically (suggesting that the video games
Sim City, Civilization, Railroad Tycoon, and Age of Mythology teach decision
making and analytical skills). See also SMALL & VORGAN, supra note 5, at 21
(Paul Kearney, a neuroscientist at Unitec in New Zealand, argues that some
computer games can improve cognitive ability and multitasking).
152. SMALL & VORGAN, supra note 5, at 20.
153. CARR, supra note 28, at 111-12; see also Saj-Nicole Joni, Win Big by Un-
leashing Millenials' Connective Intelligence, FORBES (Nov. 20, 2012), http://
www.forbes.com/sites/forbesleadershipforum/2012/11/20/win-big-by-un-
leashing-millennials-connective-intelligence/.
154. CARR, supra note 28, at 46-47.
155. Id.
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argued that the dependency on the written word would alter a person's mind
by substituting written word for inner memories.156 It was also argued that
the written word would make us shallower thinkers, "preventing us from
achieving the intellectual depth that leads to wisdom and true happiness."57
"Those who rely on reading for their knowledge will seem to know much,
while for the most part they know nothing."158
Now, the Internet is the latest medium to become subject to debate and,
in this debate, all we truly know is that mediums influence how we think and
act.159 "[Miediums mold what we see and how we see it."160 "Eventually, if
we use [a certain medium] enough, it changes who we are, as individuals and
as a society."61 Therefore, be aware of the positives of the Internet and cog-
nizant of the fact there is scientific evidence that technology is altering our
brains by changing neural patterns, which in turn is impacting our reading
comprehension and contemplation skills.162 There is a possibility that the In-
ternet is creating fractured, unimaginative thinkers.163
156. Id. at 54.
157. Id. at 54-55.
158. Id. at 54 (internal quotations omitted); see also Jonah Lehrer, Our Cluttered
Minds, N.Y. TIMEs, June 3, 2010, at BR22, available at http://www.nytimes.
com/2010/06/06/books/review/Lehrer-t.html? r=2&scp=1 &sq=internet%20de-
stroying%20mind&st=cse& (reviewing CARR, supra note 31) (mentioning how
Socrates in the Phaedrus stated that the invention of the book would create
forgetfulness in the soul).
159. CARR, supra note 28, at 3.
160. Id.
161. Id.
162. Carr (2008), supra note 126; Affleck, supra note 104; Richtel (Nov. 2010),
supra note 139.
163. Affleck, supra note 104; Carr (2008), supra note 126. Again, it is possible that
the concern over the alteration of our brains is not warranted because it is
possible that we cannot "recognize the superiority of this networked thinking
process because we are measuring it against our old linear thought process."
CARR, supra note 28, at 8.
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IV. THE MILLENNIAL GENERATION:164
THEIR USE OF DIGITAL TECHNOLOGIES AND THE ALTERATION OF
THEIR BRAINS
The Millennials are "digital natives."l65 This group makes up the major-
ity of the students in the law school classroom.166 They were raised using
technology and are characterized by their increased use and familiarity with
communications, media, and digital technologies.167 They have used laptops,
iPods, the Internet, cell phones, iPads, tablets, digital music players, video
cameras, video game technologies, and other forms of technology from an
early age.168 In fact, by age five, the majority of Millennials were already
using a computer.169 Not only do they have an aptitude for this technology,
they are drawn to it and desire to stay connected to it twenty-four hours a
day, seven days a week.170
Millennials spend less than 5,000 hours reading before college, "over
10,000 hours playing video games, over 200,000 emails and instant messages
sent and received .. . [and] over 20,000 hours watching TV ... ."171 In fact,
they send and receive messages every few minutes of their waking day and
164. This generation is also known as Generation Y, Generation Next, Net
Generation, Echo Boomers, iGeneration, and Nintendo Digital Generation.
NEIL HowE & WILLIAM STRAUSS, MILLENNIALS RISING: THE NEXT GREAT
GENERATION 6 (2000); Rivera & Huertas, supra note 1.
165. Kari Mercer Dalton, Bridging the Digital Divide and Guiding the Millennial
Generation's Research and Analysis, 18 BARRY L. REV. 167, 167 (2012). Mil-
lennials have a birth range from the 1980s to early 2000. See id. at 168.
166. Id.
167. Id. at 167-68. They grew up when the Internet caused great change to all tradi-
tional media. It is this exposure to the Internet that shaped this generation. Id.
168. See id. at 168-69. In 2003, 83% of children in grades K-12 used a computer
either at home, at school or both. JENNIFER C. DAY, ALEX JANUS & JESSICA
DAVIS, CURRENT POPULATION REPORTS: COMPUTER AND INTERNET USE IN THE
UNITED STATES: 2003 7 (2005).
169. See Athima Chansanchai, Millennials Lead the Wired Life, NBCNEWS.com
(Sept. 5, 2003, 3:30 PM), http://www.msnbc.com/id/14560871/ns/technology_
andscienceand-gadgets/t/millennials-lead-wired-life/#.UOhg3o5ijXk; see
also Joan Catherine Bohl, Generations X and Y in Law School: Practical Strat-
egies for Teaching the "MTVGoogle" Generation, 54 Loy. L. Rev. 775, 780
(2008) (submitting that by 2003, "86% of all American children were computer
literate.").
170. Dalton, supra note 165, at 168.
171. Marc Prensky, Digital Natives, Digital Immigrants, Part II: Do They Really




Their Brains on Google
feel anxious and nervous about being out of the loop if they do not.172 They
are now spending more than eight hours a day exposing their brains to digital
technologies.173 Tweeting, texting, Facebook, YouTube, Google, and
Wikipedia are not great new innovations, but simply part of everyday life.174
There are even interactive experiences that can (and do) go everywhere with
them now due to powerful new smartphones, tablets, and other
technologies. '7
Millennials expect information to be both accessible and rapidly ob-
tained.176 They use technology seamlessly and constantly.177 They maximize
the multi-purpose functions of most electronic devices.178 It is not uncommon
to see Millennials assembled behind a computer screen, operating four or
five open windows, simultaneously texting, instant messaging, listening to
music on their iPod, downloading the latest tunes using file-sharing software,
uploading videos and photographs for their friends to comment on, and
maybe even participating in a teleconference.179 They prefer these interactive
media as learning tools and turn to YouTube and other video, audio, and
interactive media instead of printed materials.180 In fact, the use of books,
magazines, and newspapers is on the decline,181 while "YouTube logs an
average of two billion views per day," presumably as a direct effect of the
ease and comfort with which the Millennials communicate through video.182
Moreover, Millennials automatically go to the Internet to conduct re-
search. They depend upon Google and other search engines rather than the
172. CARR, supra note 28, at 118.
173. SMALL & VORGAN, supra note 5, at 29. "An estimated 20 percent of this
younger generation meets the clinical criteria for pathological [I]nternet use."
Id. at 30
174. Bohl, supra note 169, at 780 ("[A] survey of Gen X Y attitudes toward the
[I]nternet found that instead of agreeing that it was 'life enhancing technology,'
they tended to simply think of it as 'life.'").
175. Dalton, supra note 165, at 173.
176. Id. at 172.
177. Id. at 173.
178. Id.
179. Id.
180. Leslie Larkin Cooney, Giving Millennials a Leg-Up: How to Avoid the "If I
Knew Then What I Know Now" Syndrome, 96 Ky. L.J. 505, 507 (2007-2008).
181. CARR, supra note 28, at 87.
182. Jan Zanetis, The Virtues of Video, 69 EDuc. LEADERSHIP (Dec. 2011/Jan.
2012), available at http://www.ascd.org/publications/educational-leadership/
decl 1/vol69/numO4/The-Virtues-of-Video.aspx (citing Five Years of YouTube:
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library.183 Additionally, due to their high use of the Internet and technology,
Millennials do not look to instructions or manuals; instead, they experiment
until they get it right.184 They prefer to piece together information from a
variety of sources. 185 They also do not strive to retain information because
information is not hard for them to acquire-it is only a keystroke away. 18 6
Thus, technology is now the conduit for most of the information that flows
through the eyes and ears of Millennials and into their brains.187 Digital tech-
nologies exert a broad influence over all of their communications and
thoughts. 188
As a result, the Millennials are constantly scrolling and clicking, expos-
ing themselves to stimuli. They crave this stimulation.189 The scrolling and
clicking that they do on a web page involves physical actions and sensory
stimuli that are different than those involved in holding and turning the pages
of a book.190 These differences are altering the neural pathways and resulting
in changes to the physical landscape of the brain. Simply, Millenials' expo-
sure to technology is causing their neural circuits to rewire as a result of the
brain's ability to be "plastic." Plasticity applies to young and old brains, but
young brains are more plastic.191 This is evidenced by the fact that young
brains more readily master new skills, such as learning a language.192 Expo-
sure to technology has profound structural and functional effects on young,
plastic minds.193 Younger brains also are more easily susceptible to the
changes the digital technologies are making to the brain because they are
habituated to distraction and to switching focus.194
183. Aliza B. Kaplan & Kathleen Darvil, Think [and Practice] Like A Lawyer: Le-
gal Research for the New Millennials, 8 LEGAL COMM. & RHETORIC: JALWD
153, 166 (2011) (finding that over 90% of the students surveyed conducted
67% of their research online); Joan K. Lippincott, Net Generation Students and
Libraries, in EDUCATING THE NET GENERATION 13.1, 13.2 (Diana G. Oblinger
& James L. Oblinger eds., 2005), available at https://net.educause.edu/ir/li-
brary/pdf/pub7101.pdf.
184. Cooney, supra note 180, at 505, 506.
185. Id. at 505.
186. Dalton, supra note 165, at 176.
187. Id.
188. See id.
189. SMALL & VORGAN, supra note 5, at 24.
190. CARR, supra note 28, at 90.
191. See generally BEGLEY, supra note 34, at 76 (The reason the young brain is
"more" plastic is because it has a redundancy of neural connections).
192. SMALL & VORGAN, supra note 5, at 8.
193. Id.
194. Richtel (Nov. 2010), supra note 139.
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Given the plasticity and the repeated technological experiences that the
Millennials have had, particular parts of their brains are larger and more
highly developed.195 However, this same brain plasticity, accompanied by
high Internet exposure, has resulted in many Digital Natives with weakened
frontal lobes.196 The neural circuitry, and in turn the brain regions that are
usually associated with traditional learning methods, are less developed in
Digital Natives.197 "Children raised with the computers think differently from
the rest of us. They develop hypertext minds. They leap around. It's as
though their cognitive structures were parallel not sequential."'98 Their brains
now expect to take in information the way the Internet distributes it.199 More-
over, their brains become accustomed to switching tasks, resulting in reduced
attention spans. 200 As a result, they are reading at a superficial level, are
distracted thinkers, exhibit diminished concentration, and only gain a shallow
understanding of material.201
V. THE RESULTING DEFICIENCY IN SKILLS AND ITS
IMPACT ON LEGAL EDUCATION
As a result of the exposure to digital technologies and the resulting
physical changes to the brain, Millennials are reading at a superficial level
with little concentration or contemplation. They are searching for key terms
and skimming the text surrounding the key terms instead of reading line by
line.202 They are bouncing from article to article, barely reading more than a
page per article.203 They are power browsing, which focuses on immediacy of
information and efficiency.204 Power browsing weakens deep reading and im-
pairs understanding.205 This type of online browsing demands the reader to
consider and process hypertext links, and such browsing increases the
195. Prensky, supra note 171, at 4.
196. SMALL & VORGAN, supra note 5, at 186.
197. Id. at 26.
198. Prensky, supra note 171, at 4 (internal quotations omitted).
199. See CARR, supra note 28, at 90.
200. Richtel (Nov. 2010), supra note 139.
201. Nicholas Carr argues that our knowledge is becoming fragmented by the use of
the Internet, specifically search engines. He further argues, "We don't see the
forest when we search the Web . . . . We don't even see the trees. We see twigs
and leaves." Lehrer, supra note 158.
202. See Jakob Nielsen, F-Shaped Pattern for Reading Web Content, NIELSEN NOR-
MAN GROUP (Apr. 17, 2006), http://www.nngroup.com/articles/f-shaped-pat-
tern-reading-web-content/.
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reader's cognitive load thereby weakening the ability to comprehend and re-
tain what is being read.206 Erping Zhu, a researcher at the University of Mich-
igan, performed an experiment that studied the influence of hyperlinks on
comprehension.207 Her experiment concluded that comprehension declined as
the number of links increased due to the cognitive overload that resulted
from having to consider the hyperlinks.208 Diana DeStefano and Jo-Anne Le-
Fevre209 performed an experiment that similarly concluded that the increased
demands of decision making and visual processing in hypertext impair read-
ing performance.210 Other research also showed that "people who read linear
text comprehend more, remember more and learn more than those who read
text peppered with links."211
Because of the change in the way Millennials are reading, literary read-
ing has declined by 28% in 18 to 34 year olds since 1982.212 PSAT scores in
reading and writing are dropping; critical reading skills scores have dropped
3.3% and writing skills scores have dropped 6.9%.213 Other studies show the
decline in basic reading skills over the past two decades as well.214 Jane
Healy, an educational psychologist, has documented that reading, writing,
and attention spans are on the decline.215 Teachers note loss of reading flu-
206. Id. at 126.
207. See generally Erping Zhu, Hypermedia Interface Design: The Effects of Num-
ber of Links and Granularity of Nodes, 8 J. EDUC. MULTIMEDIA &
HYPERMEDIA 331, 331-58 (1999).
208. See id.
209. CARR, supra note 28, at 129 (identifying DeStefano and LeFevre as psycholo-
gists with the Centre for Applied Cognitive Research at Canada's Carleton
University).
210. Id. (citing Diana DeStefano & Jo-Anne LeFevre, Cognitive Load in Hypertext




211. CARR, supra note 28, at 127.
212. SMALL & VORGAN, supra note 5, at 3 (citing Reading at Risk: A Survey of
Literary Reading in America, NAT'L ENDOWMENT FOR ARTS (June 2004),
available at www.nea.gov/publReadingAtRisk.pdf).
213. CARR, supra note 28, at 145-46.
214. Affleck, supra note 104.
215. Id. (citing ROBERT SHAW, THE EPIDEMIC (1st ed. 2003)).
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ency and comprehension skills.216 Even law professors have specifically
noted a decline in their students reading skills.217
This type of reading and lack of concentration and contemplation is im-
pacting legal education because these are core lawyering skills,218 and the
Millennials are inadequately developing these skills.219 Studies show that as a
result of combining reading with other media activities, such as computer or
television, nearly two-thirds of all Millennials are reading superficially and
lack active reading habits.220 This type of reading, and the resulting minimi-
zation of comprehension and contemplation, is causing Millennial students to
lack the ability to critically evaluate information.221 They believe gathering a
high volume of information will provide the answer.222 They do not recog-
nize that "the ability to deal with complex and often ambiguous information
will be more important than simply knowing a lot of facts or having an ac-
cumulation of knowledge."223 A reduction, or lack of development, of critical
reading skills, which is an essential tool of a lawyer, is interfering with their
ability to conduct case analysis, statute analysis, synthesis, and application.224
Gathering facts with integrity, writing with clarity, thinking with purpose and
consistency, and speaking persuasively are also tools of a lawyer that are
dependent upon these same reading skills.225 Given their weaker reading
skills and their lack of ability to concentrate and contemplate ideas, Millenni-
216. Affleck, supra note 104.
217. See Debra Moss Curtis & Judith R. Karp, "In a Case, in a Book, They Will Not
Take a Second Look!" Critical Reading in the Legal Writing Classroom, 41
WILLAMETTE L. REv. 293, 294 (2005) [hereinafter Curtis & Karp (2005)].
218. See id. (discussing reading as a core skill).
219. See Harris, supra note 85.
220. JUDITH FREEDMAN, CRACKING THE CODE: UNLOCKING THE POTENTIAL OF Fu-
TURE LEADERS IN THE LEGAL PROFESSION 77 (2010).
221. See Anne H. Moore et al., Faculty Development for the Net Generation, in
EDUCATING THE NET GENERATION 11.1, 11.11 (Diana G. Oblinger & James L.
Oblinger eds., 2005), available at https://net.educause.edu/ir/library/pdf/
pub7101.pdf. Senior partners report that the work handled by new associates
often fails to show critical thinking and factual analysis abilities. FREEDMAN,
supra note 220, at 75.
222. See Moore, supra note 221, at I1.11.
223. Id. (quoting Jason L. Frand, The Information-Age Mindset: Changes in Stu-
dents and Implications for Higher Education, EDUCAUSE, Sept.-Oct. 2000, at
15, 17, available at https://net.educause.edu/apps/er/ermO0/articlesOO5/ermOO
51.pdf).
224. Curtis & Karp (2005), supra note 217, at 294.
225. Hon. Bruce S. Jenkins, The Legal Mind in the Digital Age, THE FED. LAW.,
Feb. 2011, at 28, 31.
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als are struggling with these skills as well.226 For example, Millennials will
copy portions of a case and paste them into another document without com-
pletely reading the case or considering the context of the copied portion.
This type of reading also alters the way Millennial students understand
and conduct research because it obscured them of the law's structure and
legal context.2 27 The Millennials, because of the way they read, are not con-
ducting research in a linear way, and as a result, it is harder for them as legal
researchers to determine the legal context surrounding an issue and to draw
comparisons to other legal principles. 228 Because they read in this hyperlink
fashion, an understanding of the division of sources between cases, statutes,
and secondary sources is not obvious to them, and it leads to a misunder-
standing of the structure of the law and an inability to research the law con-
ceptually. Thus, a lack of cognitive process in reading has a big impact on
legal education because critical reading is central to the concept of critical
thinking, yet another key component to lawyering.229
Along with the reading struggles, Millennials also tussle with grammar
and syntax.230 This is occurring because Millennials have been conditioned
through texting, tweeting, and instant messaging to write in a short, abbrevi-
ated form, often with no attention to proper spelling or grammar. This condi-
tioning impacts negatively on a law student's ability to write well-
constructed legal documents, client letters, memos, and briefs. Grammatical
knowledge also impacts one's ability to understand the relationship concepts
within a sentence and can lead to errors in legal documents.231
VI. WHAT Do WE Do?
"The brain can right itself if we're aware of these issues."232 So, we do not
have to become techno-zombies. Some researchers and scientists "have
shown that we can intentionally alter brain wiring and reinvigorate some of
these dwindling neural pathways, even while the newly evolved technology
226. See Carr (2008), supra note 127, at 90.
227. See Barbara Bintliff, Context and Legal Research, 99 LAw LIBR. J. 249,
259-62 (2007) (suggesting the Internet dismantles the structure of the law be-
cause the Internet retrieves content in its own way).
228. See generally Diana R. Donahoe, Bridging the Digital Divide Between Law
Professor and Law Student, 5 VA. J.L. & TECH. 13, 35 (2000).
229. Curtis & Karp (2005), supra note 217, at 295.
230. Affleck, supra note 104 (citing C. Moritz, Was' Up Wif English?, JOBURG'S
CHILD, July 2006).
231. See Peter Dewitz, Legal Education: A Problem of Learning from Text, 23
N.Y.U. REv. L. & Soc. CHANGE 225, 228 (1997).
232. Harris, supra note 85 (quoting psychiatrist, Dr. Gary Small). The brain has the
capacity to grow, change and repair throughout life. Chapman, supra note 104.
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circuits bring our brains to extraordinary levels of potential."233 As proof that
our brains can be "unwired," Dr. Small and UCLA Research conducted an
experiment where they took a group of research subjects and modified their
technology and exercise habits.234 Particularly, they limited their use of tech-
nology, conducted cardiovascular conditioning, memory exercises, relaxation
techniques, and fed them a healthy diet.235 "After just two weeks, [they]
found significant improvements in memory scores, as well as dramatic
changes on their PET scans, demonstrating increased mental efficiency in the
front part of the brain, which controls short-term memory and complex
reasoning."236
The study results indicate that we can help our brains better adapt to this
constant influx of stimulation.237 We can start by taking control of our neural
circuitry by making informed choices about the quantity and quality of our
brain's exposure to digital technology.238 We can balance online and offline
time.239 We can and should flex the brain muscle in non-technological
ways.240 As law professors, we need to make our students aware of the fact
that they need to unplug and use their brains in other ways. We need to
explain to students that while technology has many benefits, it is altering
their brains and impacting their reading comprehension, concentration, and
contemplation skills and that, as a critical part of maintaining those skills,
they should exercise their brain in non-technological ways. By doing this,
they will be able to minimize exposure to digital stimuli and slow negative
alterations of their neural pathways.
More particularly, we should explain to students how their brains work
in general and then make the students aware of the limits of their working
memory. 241 We can explain to students that they can maximize their learning
by trying to work within their working memory's cognitive load.242 One of
the ways for students to work within their cognitive load is to reduce distrac-
233. SMALL & VORGAN, supra note 5, at 21.
234. Id. at 122.
235. Id.
236. Id. at 122-123.
237. Id. at 4.
238. Id. at 22.
239. Harris, supra note 85; see also Chapman, supra note 104 ("To maintain your
brain health, shut off your cell phone, turn off the computer and limit your use
of technology to certain hours of the day.").
240. SMALL & VORGAN, supra note 5, at 120.
241. Deborah J. Merritt, Legal Education In The Age Of Cognitive Science and Ad-
vanced Classroom Technology, 14 B.U. J. Sc!. & TECH. L. 39, 70-71 (2008)
[hereinafter Merritt (2008)].
242. Id. at 45-46.
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tions.243 Encourage students to put away the technologies when trying to
learn new, complex, legal concepts in class. We can also encourage them to
read class assignments and study at home with their cell phones, iPods, and
other digital devices turned off. We should encourage book reading versus
online reading so that all reading is not taking place online. As professors, we
can minimize distractions in our lectures and PowerPoint presentations to
ease our students' cognitive load. Studies show that distractions in presenta-
tion style can substantially impair learning.244 Minimize or eliminate use of
irrelevant sounds, music, and animation in PowerPoints.245 Also, reduce vis-
ual distractions by simplifying the PowerPoints and using the same style
throughout the PowerPoint, i.e., by using a minimal number of colors, the
same font, simple templates, and unobtrusive transitions.246
One of the other ways for students to work within their cognitive load is
to relate new information to data already stored in their long-term memory. 247
Encourage students to relate new topics to material previously covered. Also,
as we teach materials, professors should draw connections between material
previously taught and mastered by the students.
Because of the new neural pathways that have been formed as a result of
the constant exposure to digital technologies, professors need to improve
Millennial students' reading abilities. Professors must take an interest in
teaching reading skills, despite the fact that law professors often feel that
reading is a skill students should have already acquired. In order to improve
students reading skills, which are deficient because of the new neural path-
ways, we should teach law students how to critically read both in printed and
electronic text.2 48 This means we need to teach students how to evaluate,
draw inferences, and arrive at conclusions based on evidence while they
read.249 We can accomplish this by teaching our students the following:
243. Id.
244. Id. at 56-57.
245. Id. at 56 (asserting that sounds reduce students' retention of relevant material
and reduce ability to apply concepts to new situations); see generally Richard
E. Mayer & Roxana Moreno, A Coherence Effect in Multimedia Learning: The
Case for Minimizing Irrelevant Sounds in the Design of Multimedia Instruc-
tional Messages, 92 J. EDUC. PSYCHOL. 117 (2000).
246. Merritt (2008), supra note 241, at 56-57. "In one survey, 91% of students
opposed the use of PowerPoint's sound effects in class; similarly, almost three-
quarters of the students disliked animation." Id. at 57 (citing Wim Blokzijl &
Roos Naeff, The Instructor as Stagehand: Dutch Student Responses to
PowerPoint, 67 Bus. COMM. Q. 70, 73 (2004)).
247. Merritt (2008), supra note 241, at 46-47.
248. Curtis &. Karp (2005), supra note 217, at 304. Critical reading is a skill that
can be taught. Id.
249. Id. at 294. Critical reading is creating meaning within the text. See id. at 296.
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(1) recall prior knowledge and mentally connect new information
with that knowledge as they read; (2) monitor and repair compre-
hension by rereading and skipping ahead; (3) analyze text to deter-
mine important ideas before, during and after reading; (4)
summarize and synthesize to check comprehension; (5) draw in-
ferences from prior knowledge and text to fill in the gaps; and (6)
ask and answer questions while reading to check comprehension,
clarify ideas and focus attention.250
We can teach this by breaking down critical reading into three subparts-
pre-reading, active reading, and post-reading-and by explaining those
parts.251 Pre-reading is an awareness of the purpose for reading followed by a
preview of the material.252 This is accomplished easily in both the print and
electronic world.253 First, inform students that they need to be aware of their
purpose for reading the information, so that they can focus on the relevant
aspects. 254 Next, have them preview the text, whether it is by flipping to the
Table of Contents or by scanning hyperlinks on a digital device without
clicking on them.255 This allows students to gather the needed background
information while avoiding issues with the actual reading of the material.
Active reading is an actual interactive process with reading by high-
lighting, annotating, or taking notes.256 This process causes the readers to
think about the material they are reading and not just pass their eyes over
words.257 Active reading is harder to accomplish in the digital world because
you cannot take a highlighter or pen directly to the paper.258 So, students
need to learn how to use various computer functions to engage with the mate-
rial if they read digitally. For example, they should use a variety of tech-
niques available on the computer such as, highlighting, using flashing text,
250. Debra Moss Curtis & Judith R. Karp, In a Case, On the Screen, Do They Re-
member What They've Seen? Critical Electronic Reading in the Law Class-
room, 30 HAMLINE L. REV. 247, 275-76 (2007) [hereinafter Curtis & Karp
(2007)].
251. Id. at 278; see also Chitra Varaprasad, Some Classroom Strategies: Developing
Critical Literacy Awareness, 35 ENG. TEACHING F. 24 (1997), available at
http://exchanges.state.gov/forum/vols/vol35/no3/p24.htm. See generally
MICHAEL HUNTER SCHWARTz, EXPERT LEARNING FOR LAW STUDENTS (2d ed.
2008); RUTH ANN McKINNEY, READING LIKE A LAWYER (2d ed. 2012).
252. Curtis & Karp (2007), supra note 250, at 279-80.
253. Id. at 279.
254. Id.
255. Id.
256. Id. at 281.
257. Id.
258. Id. In the print world, the student can easily mark on the actual document,
circle unknown words, draw arrows, etc.
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altering fonts, enclosing text in boxes, etc.259 Active reading skills are impor-
tant because reading a case is not simply pulling information from the text; it
is a matter of interpreting and creating meaning within the text. 26 0
Lastly, post-reading is meant to reinforce and cement concepts
learned.261 In both the paper and digital world, questions should be asked that
elicit more than just a summation of the material read. In the digital world,
professors can insert questions directly into the text.2 62 In the print world, the
student and professor should pose questions about the material.
A way for professors to help students understand the concept of critical
reading is not only to discuss critical reading, and what it is, but also to
model it for students.263 The professor can talk about why they are reading a
particular case. It has been shown that what is discussed prior to the text
being read can influence the students' understanding of the material.264 Then,
the professor can offer a framework to review an opinion, by annotating and
highlighting an opinion to share with the students. Once the modeling is
complete, the student can then model the behavior by highlighting and anno-
tating a new, simple opinion.265 The professor can follow that up by de-
briefing and posing questions that cause the students to self-reflect on the
material read. When students run into questions on the next assignment,
professors can refer the students back to their critical reading skills to help
them solve their questions. Professors need to continually reinforce critical
reading throughout the students' legal education.266
Also, since the structure of the brain changes whenever a person pays
attention to a certain experience, students should also be able to learn to
focus and control their attention.267 Scientists recognize that attention training
is important given that it can be a gateway to plasticity.268 Explain to students
259. Id.
260. SCHWARTZ, supra note 251, at 86.
261. Curtis & Karp (2007), supra note 250, at 282.
262. Michele M. Domisch & Rayne A. Sperling, Elaborative Questions in Web-
Based Text Materials, 31 INT'L J. INSTRUCTIONAL MEDIA 49-50 (2004).
263. Dewitz, supra note 231, at 239.
264. Janice A. Dole, Sheila W. Valencia, Eunice Ann Greer & James L. Wardrop,
Effects of Two Types of Prereading Instruction on the Comprehension of Nar-
rative and Expository Text, 26 READING RES. Q. 142, 154 (1991).
265. Curtis & Karp (2005), supra note 217, at 312-14. Some argue you should teach
critical reading, at first, with easily-understandable, non-legal material before
moving on to more complex legal material. Id. at 313-14.
266. See Curtis & Karp (2005), supra note 217, at 318-19 (providing particular exer-
cises to improve students' critical reading); Dewitz, supra note 231, at 235-46
(giving advice for how to improve students' reading comprehension skills).
267. BEGLEY, supra note 34, at 160.
268. Id.
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that they need to develop the skills to resist the urge to see what their friends
are doing on the latest, digital, social media site. Students need to train them-
selves to sit and focus on their work uninterrupted. For example, students
should practice reading an article in its entirety without going to a hyperlink
or conducting another activity. Students should practice taking notes about
the reading without checking their text messages, listening to their iPods, or
surfing YouTube.
We should encourage our students to allow their brain to have true
"downtime." The brain needs downtime to process information.269 Students
can give their brains downtime by restricting all technology before sleep or
by engaging in mindfulness or meditation exercises each day.270 This will
help students make lasting connections to the new material learned that day.
Limiting exposure to digital technologies or balancing technological
time versus non-technological time, using critical reading skills, learning to
minimize distractions, and allowing downtime, all can help activate the por-
tion of the brain being deteriorated by the exposure to constant digital infor-
mation, which will improve reading comprehension, concentration and
contemplation.
VII. CONCLUSION
This article has explained the basics of how the brain is structured and
functions. It has shown that science now believes the human brain to be
plastic and capable of change-that is it not hard wired from birth. The brain
forms new neural connections when it is exposed to new experiences, espe-
cially repeated experiences. It also has shown that digital technologies are
experiences that alter the brain. "The current explosion of digital technology
not only is changing the way we live and communicate but is rapidly and
profoundly altering our brains."271 Specifically, the Internet is constantly
stimulating our brains which in turns alter the neural patterns.
From MRI images, scientists and neurobiologists can see the Internet is
altering the frontal lobes of our brains and impacting working memory,
which in turn is impacting our abilities to think deeply and to concentrate. 272
We are trading the calm, focused, undistractable, linear mind for a "new kind
of mind that wants and needs to take in and dole out information in short,
disjointed often overlapping bursts-the faster, the better."273
Millennials are making up the bulk of our law school students, and Mil-
lennials have an unprecedented exposure to the stimuli involved in the digital
technologies. As a result, Millennials' brains are physically different, which
269. Chapman, supra note 104.
270. SMALL & VORGAN, supra note 5, at 142.
271. CARR, supra note 28, at 120.
272. See Chapman, supra note 104.
273. CARR, supra note 28, at 10.
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is causing the students to struggle with reading comprehension, concentra-
tion, and contemplation. "The division of attention demanded by multimedia
further strains our cognitive abilities, diminishing our learning and weaken-
ing our understanding."274 Without these skills, legal education is being im-
pacted. Students are not reading sufficiently and, thus, fail to fully gain an
understanding of the law. Poor reading skills are also negatively impacting
students' research skills, thus further inhibiting their ability to comprehend
the structure and context of the law. This article concluded that despite these
physical changes to the Millennial students' brains, changing the brain is
possible. As professors, we have to make concerted efforts to teach students
about technology and what it is doing to their brains. We have to direct stu-
dents towards non-technological time and we have to teach reading skills.
In conclusion, the influx of information that we, and even more particu-
larly the Millennials, receive when we go online overloads our working
memory and makes it harder for us to concentrate on one thing. Our brains
struggle to sufficiently store the great influx of available into long term mem-
ory, and students struggle to form the schemas needed for true knowledge.
And because of the brain's plasticity and its ability to alter our neural path-
ways, the more we use the Internet, the more we reshape our neural pathways
and train our brain to process information quickly but without attention-to
be distracted. As a result, students are finding it harder to focus, concentrate,
and remember, even when away from our computers. This is causing stu-
dents to become more dependent upon the Internet, creating a self-perpetuat-
ing cycle. Nicholas Carr well summarizes the problem when he says, "[A]s
our use of the Web makes it harder for us to lock information into our biolog-
ical memory, we're forced to rely more and more on the Net's capacious and
easily searchable artificial memory, even if it makes us shallower think-
ers."275 So, that is the Millennials' (and our) brains on Google.
Has the way you THINK changed?
274. Id. at 129.
275. Id. at 194.
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